Abstract: Most of the industrial chemical products encounter natural environmental risk in the process. The indoor release of hazardous dense gases is especial topic for discussion nowadays because the clouds of heavier gases have a tendency to stay near the ground level, causing fatal and injuries the people. In this article a computational fluid dynamics (CFD) code FLUENT was employed in order to model the accidental indoor dispersion of chlorine from a small undetected leak in an indoor industrial space. The results of simulation represented that the chlorine gas spread would behave like liquid and flows on the floor, also the concentration of chlorine increased to above the ground level slowly. The effects of various temperatures and wind velocities on dispersion of heavier gas will help to better identify the potential risks. In this paper, the effects of the environmental situations with the release and spread of chlorine in the indoor space were meticulously examined.
I. INTRODUCTION
One of the most important challenges in the work placesis to protect workers in factories or people who are living near theindustrial cities against toxic, flammable and dangerous substancessuch as chlorine, asbestos and so forth that are produced or used in various industries. The cloud of toxic and hazardous heavy gas can be moved by wind to other places and keep concentration high enough to illustrate a hazard for human health and environment [1] .
Chlorine has two forms namely the liquid and gas, chlorine is a toxic material which brings about numerous hazards.In details, it can cause death or serious injuries if suitable safety measures are not taken, among which an appropriate room with ventilations, alarms, gas detectors, and other necessary equipment for keeping cylinders or tanks [2] . Chlorine is used in various industries for manufacturing such as the chemistry and plastics productions, pharmaceuticals, paperbleaching, water purification, and so on [3] .Chlorine gas is 2.5 times heavier than the air at a normal temperature and a normal pressure while it has a tendency to downhill. Wind and climate will cause chlorine to distribute in all directions [2] .The Cl 2 exposure standard is between 0.5 to 1 ppm [3] . According to the NIOSH (National Institute for Occupational Safety and Health in the United States) standards 10 ppm and more than it can make serious hazards for life and health of human and environment.
These gases are usually stored in liquefied state at ambient temperature in highly pressurized vessels. Concentrations of the released gas are then predicted by various types of models and the values obtained are used in the hazard and risk assessment studies or by authorities (e.g. fire department) in case of an accident [4] . The modeling of dispersion of gases is a critical step in risk assessment.In recent years computer software make a great evolution in the gas diffusion simulations, for instant, one of the methods for modeling the gas dispersion is computational fluid dynamic techniques. In CFD, the fundamental equations describing the conservation of mass, momentum and energy balance are solved numerically for a given flow domain, initial and boundary conditions. In the present study, this computational analysis is applied to the spreading of chlorine in an indoor environment and the advantages of this approach are highlighted [5] .
In this study, researchers have focused on release dense gas such as chlorine to the atmosphere and shown the effects of various temperatures and wind velocities on the diffusion of heavy gas in small indoor environment. Recently, attempts to model such scenarios using CFD and related techniques [5] . The significant objective of this study is to develop of CFD base model for forecasting the results of accidents of release chlorine in the small storehouse in various situations.
The validation of the computational model was done by comparing the simulation results for both spreading and dispersion of Freon 22 performed in a 3D test room with the results of the experimental studies by Gilham et al. The results showed that there was a liquid-like stratification effect in the spreading and the results were in good qualitative agreement with the experimental data [6] . The details of chlorine diffusion scenario are discussed in the next sections.
II. METHODOLOGY
In this paper scenario is introduced the effects of various wind velocity and temperatures on gas dispersion.
The physical problem
It needs to be asserted that the commercially available computational fluid dynamics code FLUENT has been employed so far in several accident scenarios [7] , [6] , [8] , [9] , [10] . Simulation in this research shows the effects of the temperature with wind velocity on the dispersion of chlorine gas in the indoor environments that include a chlorine tank in the storage. The storeroom dimensions were 5m×4m×3m and it had two windows (W1 & W2) and a big door (D1) in the current research. In the geometry part, further explanation will be provided on the dimensions of the tank and the warehouse.
Details of the simulations
Chlorine is an extremely toxic heavy gas. The critical concentration of chlorine for exposure limitsbeginning 10 ppm [11] , a small release from source is enough to exceed this level;According to this fact,the scenarios presume in the present paper deals with an incident of small leakage of chlorine from the pipe attached to tank, by a joint failure. Also, it is supposed that a crack of length of 10% of the pipe diameter and a crack width of 0.01 mm, the mass flow rate of chlorine of the order of 0.01 kg/min was considered as the source release rate. It is assumed that because of depressurization, as the fluid comes out of the crack, a cloud of chlorine vapor is formed at the leakage location. The commercially available CFD code FLU-ENT, which has been used in a number of accident scenarios reported in the literature, for instance see Gilham et alhas been used in present study.In this study scenario the windows are opened thus, there are wind velocities that are assumed at1m/s, 3 m/sand5 m/s while thetemperatures of room are changed between 270K, 297K and 315K in the all velocities respectively. The flow is taken to be turbulent and the k-İ turbulence model is used.Since the velocities in the present studyare fairlylow and no heat transfer is considered, it is expected that no special, wallinduced effect will be encountered. Therefore a standard wall function approach should be adequate. The mesh, generated using the software GAMBIT, consists of around 1000,000 nodes.
The simulations of the spreading gas were performed on an Intel®i7 Core computer with a typical time step size of 10 s. Initial spreading calculations with a time step of 1 second were performed and the comparison showed that a step size of 10 seconds would be adequate. It is assumed that isothermal condition prevails throughout the period of simulation. The significance of the turbulence intensity in the internal flows can be great with values between 1 to 10% at the inlet. Thus, in the velocities wind scenarios, the turbulence intensity was 10%. If there is a surface reaction occurring on the walls and if the reaction rate is known, then it can be readily incorporated as a boundary condition. Similarly, if the scalar participates in a homogeneous chemical reaction with some of the constituents of the gas, then that can be incorporated readily in the form of a source or sink term. Thus, the current approach can readily consider a reacting gas case. However, if there is a phase change, for example, condensation, then a two-(or multi) phase formulation is required. The boundary conditions are consistent with the case of a dispersion of a non-reacting gaseous scalar. 
Results of Cl2 release at 297K in various wind velocities
As indicated in Fig4,there was a constant and great turbulent flowinfront of the leak sourcewhile theactuated gas to the top of the tankwasalso very regular anditsdirection preventedtheheavy gasfrom goingto the ground level. InFig5,itisseenthattherewerethreeturbulentflowsaroundthelea kpointthat affectedeachotherandkeptthegasnearthetankwhilepreventingthechlorine spreadin the storage. Finally, the wind speed inFig6isshown to cause a very strong and regular turbulent current in front of the tank affecting thegas diffusion in the environment;consequently, Cl 2 was held around thegroundlevel and prevented its dispersion in the storage. In Fig7, it can be discerned that there was no turbulent flow in front of the tank; furthermore, according to the contour pictures, chlorine spread from the space near the wall because the wind directions were formed there; while there was a great turbulent flow near the leak point at a 3 m/s while this flow along with the direction of the wind caused the Cl 2 being kept around the ground level, as exhibited in Fig8. When the amount of the wind speed rose to 5 m/s, the direction of the chlorine dispersion changed to the up but the turbulent currents prevented the gas from spreading to the top of the tank. The important point was that the higher speed caused a reduction in the concentration of the heavy gas in the environment. 
IV. CONCLUSIONS
In conclusion, results from simulations show that the heavy gas spread like a liquid and it stayed near the ground floor when there were wind speed was very slow. The effects of the wind velocity were investigated in this research proving that the wind speed can change the direction of dispersion as well as preventing the Cl 2 spread in the space. In other words, simulations indicated that dilution, wind velocities, and direction of the turbulent flows could directly affect the dense gas dispersion.
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